U.S. National Health Examination Survey

ARTHUR J. McDOWELL

N THE UNITED STATES, unlike in many
other countries, all Federal Government
statistical activities are not centralized in one
statistics bureau. Rather, these activities have
developed in a decentralized pattern, with dif-
ferent agencies responsible for the collection
and analysis of statistical data in particular
areas. However, a central statistical office in-
sures that these various activities are properly
integrated and prevents duplication. This is a
function of the Office of Statistical Standards in
the Bureau of the Budget, located, of course, in
the Executive Office of the President. The Office
of Statistical Standards develops and enforces
some standards for the quality and comparabil-
ity of data produced by Government agencies;
it coordinates efforts and attempts to avoid
duplication and to minimize reporting burdens.
But the development and the conduct of statis-
tical programs and activities lie almost com-
pletely within the separate agencies.

I do not intend to deal in detail with the ex-
tremely broad and varied field of Federal Gov-
ernment statistics. The Budget Bureau pub-
lishes a directory of statisticians in the Federal
service, a useful 200-page reference book. How-
ever, a categorization of these activities will pro-
vide a setting for my description of the Health
IExamination Survey. The Budget Bureau has
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This paper is an

The examinees shown in the photographs are models, not
survey subjects.

Vol. 80, No. 11, November 1965

prepared a chart that groups together more
than a score of agencies which have important
statistical programs but which collect statistical
information primarily as part of their adminis-
trative and operating responsibilities. An ex-
ample of this category is the statistical program
of the Internal Revenue Service, which is inci-
dental to its work—collection of taxes.

The second category groups eight agencies
having major interest in using, analyzing, and
interpreting statistical data, largely, though not
entirely, collected by other agencies. An ex-
ample of one of these user groups is the Council
of Economic Advisers.

The third category consists of general-pur-
pose statistical agencies; those charged with col-
lecting, compiling, analyzing, and publishing
statistical data for general use. There are four
such agencies, each dealing with a particular
field. The Statistical Reporting Service, De-
partment of Agriculture, deals with crop statis-
tics, including livestock production, farmers’
prices (paid and received), and farm employ-
ment. The Bureau of Labor Statistics, Depart-
ment of Labor, deals with statistics on the labor
force, employment earnings, productivity, and
the like. The Bureau of the Census, Commerce
Department, is responsible for censuses of and
current statistics on population, housing, and a
variety of other subjects. Finally, the newest
of the general-purpose statistical agencies is the
National Center for Health Statistics. This
center collects, compiles, analyzes, and publishes
statistics on morbidity; health care; demo-
graphic, economic, and social factors related to
health; and births, deaths, marriages, and
divorces.

The foregoing detail is presented, not out of
bureaucratic fondness for organization charts,
but because it relates to a fundamental and sig-
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nificant characteristic of the National Center
for Health Statistics. The center, like the Cen-
sus Bureau or the Bureau of Labor Statistics, is
responsible for data collection and analysis and
publication, but it does not carry out any sub-
stantive program to which the data are related.
Persons in other Public Health Service activi-
ties or in other agencies may use the data we
publish in connection with their work in disease
control, disease detection, disease treatment, or
health improvement. The National Center is
not directly involved. Whether or not this
makes it easier for the center to maintain scien-
tific objectivity, it probably makes it easier for
some users of the data to accept the fact of that
objectivity.

Within the National Center for Health Sta-
tistics, the Health Examination Survey is car-
ried out as one of the four major programs. It
is one of the three aspects of the National
Health Survey, authorized in 1956 by the 84th
Congress as a continuing Public Health Service
activity. The National Health Survey con-
sists of three survey programs (7). One of
these, the Health Interview Survey, collects
information from the people themselves by
household interviews. It is primarily con-
cerned with the impact of illness and disability
on peoples’ lives and actions, and the differen-
tials observable in different population groups.
A second program, the Health Records Survey,
is actually a family of record-linked surveys.
It includes follow-back studies based on vital
records, institutional surveys to establish sam-
pling frames as well as to provide data, and sur-
veys based on samples of hospital records. The
third major program of the National Health
Survey is the Health Examination Survey.

Health Examination Survey

The Health Examination Survey collects data
by direct physical examinations and tests and
measurements performed on the sample popu-
lation studied. This is the best way to obtain

“definite diagnostic data, data on the prevalence
of medically-defined illness. It is the only way
to obtain information on conditions which were
previously unrecognized and undiagnosed—in
some cases, even nonsymptomatic. It is also
the only way to obtain distributions of the pop-
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ulation by a variety of physical, physiological,
and psychological measurements.

A nationwide examination survey which car-
ries out multipurpose direct examinations, tests,
and measurements of a preselected representa-
tive population sample, is, I believe, an innova-
tion in the United States and in the world. The
following are some of its strengths and also,
in an attempt at objectivity, some of its
limitations.

Strengths. The use of a probability sample
design in a nationwide health examination sur-
vey is an important strength. It makes possible
generalizations concerning the nature and char-
acteristics of the total population from which
the sample is drawn, with some knowledge of
how reliable those generalizations are.

A second strength of this program is the high
response rates which have been achieved to date,
rates which greatly decrease the danger of
biased generalizations through possible differ-
ences between examined and unexamined parts
of the sample.

Because the survey collects a wide range of
data on every one of the sample persons ex-
amined, it is possible to investigate many differ-
ent interrelationships, not just obvious differ-
entials in disease prevalence related to demo-
graphic or socioeconomic factors (age, sex,
income, education). A more unusual strength
is its ability to relate one set of medical findings
to another or to other kinds of data collected

" in the examination. For example, data on serum

cholesterol levels can be related to data on blood
pressure, measures of obesity, and prevalence
of heart disease. Also, data on visual acuity can
be related to school achievement, findings on
an eye examination, scores on psychological
tests, and other items. This possibility of study-
ing known or suspected interrelationships is one
of the exciting aspects of the survey.

A related and additional strength of the
Health Examination Survey is that it benefits -
from its multidisciplinary approach to research.
This program draws on and combines the talents
of statisticians, physicians of various speciali-
ties, dentists, psychologists, nurses, educators,
sociologists, management specialists, and others.
‘We also have the advantages that come with the
collaborative, interagency approach. The Bu-
reau of the Census collaborates in many phases
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o : Mobile examination center, U.S. health survey

of the survey. Other Federal agencies, such as
the National Institutes of Health, the Office of
Education, and the Children’s Bureau, as well

as nongovernment agencies, such as schools of -
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public health, medical research centers, and
survey research agencies, work with the survey.

Finally, one of the survey’s greatest strengths
is the attention we give to the process of meas-
urement at every stage of the examination and
data-collection process, and so to the ever-pres-
ent problem of nonsampling error.

Limitations. One of the limitations of the
Health Examination Survey is that the popula-
tions we study are all limited in that they ex-
clude institutionalized persons. For some stud-
ies this is a serious handicap. Second, the size
of the sample included in any of the survey pro-
grams is too small to permit many of the de-
tailed breakdowns which might be of interest.
While we can get good national data, for ex-
ample, we are limited to broad regions if we
wish to make a geographic breakdown.

A third limitation is that of the cross-sec-
tional—as distinct from the longitudinal—
approach. We are largely limited to what we
can obtain in the course of a single-visit exam-
ination, and for some studies a series of followup
examinations would be necessary.

Another restriction arises from the fact that
certain questions and procedures are impracti-
cal or even taboo for a survey carried out by a
Government agency. Also, our sequencing pre-
cludes study of conditions with strong seasonal
patterns.

Finally, in enumerating limitations of the
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survey, there is the “gang aft a’gley” factor.
As Robert Burns implied, the execution of any
survey plan, including the sampling design and
the examination protocol, is likely to fall short
of perfection. Our survey, of course, is not
unique in having this limitation.

Survey Operation

Given the mission of collecting data on the
health of the U.S. population by means of di-
rect examinations of samples of persons, how
does one proceed? The following briefly de-
scribes the plan of operation that has evolved
during the past 5 years.

Cycles. To delimit this mission with respect
to what can be done at a particular time, we
regard the Health Examination Survey as con-
sisting of a series of consecutive programs, each
one with a specific set of goals. We refer to
these successive programs as ‘“cycles.” For a
particular cycle we are concerned with some
segment of the total U.S. population and with
some specified aspects of the health of that sub-
population. Thus, for example, the first cycle
defines an adult population and attempts to ob-
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Representation of three-level operation, U.S.
Health Examination Survey, by phase of
activity in each cycle
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tain data on the prevalence of certain chronic
diseases, notably specific cardiovascular dis-
eases, arthritis and rheumatism, and diabetes.
It also attempts to obtain distributions of the
adult population with respect to a variety of
measurements such as visual and auditory acu-
ity, serum cholesterol level, blood pressure,
height, weight, other body measurements, and
other items (2). The second cycle examines a
sample of a different subpopulation, children
aged 6 through 11 years, and focuses more par-
ticularly on factors related to growth and de-
velopment. The third cycle examines a sample
of youth from 12 through 17 years of age. The
content of the fourth cycle has not vet been de-
termined.

Another facet of the Health Examination
Survey is the concept of “three-level operation.”
By this I mean simply that in any given period
the survey will be operating simultaneously on
three different levels. Currently, for example,
we are engaged in data analysis and report pub-
lication with respect to the first cycle. At the
same time, we are collecting data (examining)
in the second cycle, and we are also planning the
third cycle. In 1966, we will begin the planning
of the fourth cycle, examining will be for the
third cycle, and analysis will be begun for the
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second cycle. The diagram indicates how this
works; it is somewhat idealized in that the lines
of demarcation are not as precise as shown, and
there is some shading from one activity into
another.

The reasons for this three-level operation in-
clude the avoidance of complete dismantling of
a field organization when data collection for a
particular cycle has been completed. They also
include advantages in the budget process, gains
from increased staff specialization of function,
and in the decidedly mixed blessing of dead-
lines which must be met in order to maintain

the momentum of the complicated machine set

in motion.

In its field organization, the survey uses mo-
bile examination centers and traveling field-
staff teams. One of these centers consists of
several specially designed and constructed trail-
ers, which are drawn by detachable tractors and
set up side by side in a particular area. Cov-
ered passageways are connected to trailers, and
a small clinic-on-wheels is established., This is
the standard environment in which the exami-
nation is carried out.

Planning of cycles. The process of planning
a cycle, or a health examination survey pro-
gram, is far too complex to describe fully in this
paper. I should like, however, to mention some
of the necessary considerations in this planning.

Certain general guidelines are established by
a long-range budget projection and an estimate
of likely personnel and dollar resources avail-
able. Other guides are provided by the known
availability of personnel and equipment and by
the National Center’s time-factor policies with
respect to permissible lag between instituting a
program and publishing the results.

At an early stage the broad target of a par-
ticular cycle, which includes the population
group to be studied and the general nature of
the desired objectives, is determined. Thus,
our third-cycle program concerns youth aged 12
through 17 years and focuses on growth and de-
velopment and on factors related to the adoles-
cent stage. In making these determinations,
we consult a great deal with various agencies
and individuals concerned with health prob-
lems, A formally constituted Advisory Com-
mittee to the Surgeon General on the National
Health Survey provides us with a broadly based
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- group of expert advisers.

Adyvice is also sought
from scores of other persons.

‘When this broad-target determination has
been made, we are little more than started on
the long road of planning the cycle. Then the
consultation effort is greatly expanded, and an
attempt is made to identify the kinds of in-
formation that health workers feel should be col-'
lected in such a survey. We meet with various
specialty groups to determine what kind of.
examinations are feasible in our setting. We
develop criteria for inclusion, such as minimum.
expected levels of prevalence of a disease which
our sample will be adequate to detect, time
and cost factors, acceptability of examination
procedures, appropriateness of the Health Ex-
amination Survey mechanism to obtain the de-:
sired data, expected reproducibility of data We,
can collect and so on.

Frequently the results of such early consulta-
tion indicate that it will be necessary to carry
out a methodological study to develop the re-'
quired procedure or to calibrate our modified
procedures. Examples include developmental
studies, such as that on the single-visit cardio--
vascular examination carried out for us by
Stamler (3), in preparing for the first cycle.
An example of calibration studies is that
which compared the use of the American Opti-.
cal Company’s Sight-Screener machine with

Psychological test
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the Snellen type measurement (4). Another is
the study which compared the modified glucose
tolerance test, used in the first cycle, with the
standard test (5).

Planning a cycle may also require feasibility
studies of proposed procedures. It will cer-
tainly include pilot testing of individual por-
tions of the examination and then of the total
operation. These, of course, are followed by
revisions, further developmental work, and
more pretesting. Finally, the 2-plus years of
lead time allotted to plan the program race by,
and there is still some last-minute rush.

Sample design. The sample design for the
Health Examination Survey has been es-
sentially the same in each of the first three
cycles, although there have been minor
changes. The design is similar to that used in
the Bureau of Census Current Population Sur-
vey, and this work is carried out jointly with
the Census Bureau. The sample is a multistage,
stratified, probability sample of loose clusters of
persons in land-based population segments.
The successive elements in the process of selec-
tion are primary sampling unit (PSU) ; census
enumeration district; segment (a cluster of
households) ; household; potential (eligible)
sample persons; and finally, sample person. In
the first stage of the sampling, the 1,000 areas
into which the entire United States is divided
are combined into about 40 strata. In this
stage, there is stratification by broad geographic
region, by population density groupings, and—
except for the first cycle—by the percentage of
change between the 1950 and 1960 censuses.
Then one PSU is selected from each stratum,
with a probability of selection proportional to
size. A modified Goodman-Kish technique of
controlled selection is used (2).

After some 40 PSU’s are selected in the first
stage, we select in each PSU a number of census
enumeration districts and then, successively, seg-
ments and households. Random numbers are
used in making these selections; at the same
time a control is imposed to maximize distribu-
tion throughout the PSU of segments selected.

The next stage of sample selection is per-
formed in the field through actual interview
visit to every one of the identified households.
During this visit certain information is col-
lected to enable us to perform the final stage of
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sample selection. In the final stage all poten-
tial sample persons are listed, and then the list
is systematically reduced to bring the total
numbers within manageable limits.

The size of the sample is determined sep-
arately for each cycle, but for each of the first
two cycles it is approximately 8,000 persons. In
the sample of children aged 6 through 11, there-
fore, we have roughly 1,000 children in each
single year of age. The sampling fraction for
that cycle is about 1 in 3,000.

Response rates. At the outset of the survey
one of the major concerns was the probable re-
sponse rate. This program is, of course, volun-
tary, but does not use volunteers. If too high
a proportion of the carefully selected sample
was unwilling to cooperate in a health examina-
tion survey, the findings from the examinations
of the remainder might be seriously biased.

Measuring heart rate after exercise

Public Health Reports



Measuring visual acuity

The experience of other examination surveys
was not reassuring. Studies of the Commission
on Chronic Diseases in Baltimore (6) and in
Hunterdon County, N.J. (7) had succeeded in
examining only about two-thirds of their sam-
ples. The experience of Chen and Cobb in
Pittsburgh (8) had been similar. It was feared
that the U.S. National Health Examination
Survey might experience about the same one-
third level of nonresponse, and this might
seriously affect the representativeness of the
findings.

Currently, however, with a completed first-
cycle field operation and with second-cycle
examinations nearly three-fourths complete we
feel more secure in this particular area. In the
first cycle we were successful in examining about
86 percent of the adults who were identified in
the sample. In the second cycle the picture is
even brighter. We have examined more than
96 percent of the sample children at the locations
visited so far, which indicates that a parent
would rather have his child examined than him-
self or, more frequently, herself.

The figures I quote for response rates are
means for all sample children at all locations.
There is considerable variation from one PSU
to another. For the adult program, the range
is from about 66 to 98 percent, while for the
children aged 6 through 11 years the range is
much narrower—from 90 to 100 percent. We
have actually examined 100 percent of the
sample at three different locations in the chil-
dren’s program.

There is an interesting differential in the first-
cycle response rates by PSU, with response
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related inversely to population density. The
response rates in rural areas were mainly in the
90-95 percent range, while most of those in the
great metropolitan areas were in the 70’s. We
also have some information concerning the non-
examined sample persons. The operation pro-
vided that we get considerable questionnaire
information from the households on the initial
visit, and we have this on nearly everyone.
Then too, we sent inquiries to the physicians of
large numbers of the nonexamined sample per-
sons and likewise to matched samples of exam-
ined persons. The analysis of the available
data does not reveal differences between exam-
ined and nonexamined which would be expected
to bias the findings.

Measurement error. 1f in the Health Exam-
ination Survey we have grown less concerned
about bias from nonresponse, it does not follow
that we have no other concerns. Among other
things, we have grown steadily more concerned
about measurement error.

Our attack on nonsampling variability is
fourfold. First we try to minimize it. We
would avoid it completely if we could, and we
sometimes do, but only when we decide not to
perform a particular procedure or collect a spe-
cific datum because the measurement error in it
would vitiate its value. Usually, however, we
try first of all to minimize the measurement
error. Second, we try to monitor it, to be
aware of it during the process—not only long
afterwards. This is done in part to further
minimize the measurement error but also in
part to try to measure it—the third attack.
Finally, we try to account for the measurement
error in the analysis and publication of findings
of the examination.

The Health Examination Survey staff is con-
cerned with measurement error in each phase
of operation: in planning a specific examina-
tion or procedure, in conducting it, and in ana-
lyzing its results. We develop a highly stand-
ardized examining procedure and, of course,
provide detailed written operating instructions
and carry out training of staff. Even the deci-
sion to have many or few examiners is based,
in part, on consideration of measurement error.
We stress the process of recording data and
emphasize the absolute necessity for uniformity,
accuracy, legibility, and completeness. We try
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to mechanize the recording process whenever
possible, and make use of such devices as tape
recorders, automatic printing of results, and
photographic recording of scale reading to mini-
mize recording error.

Another important advantage to the use of
such instrumentation is in measuring the meas-
urement error. Statisticians would sometimes
like to be able to answer the question of how
much measurement error there is in the survey
by complete replications of the entire measure-
ment process. To do this completely is ob-
viously out of the question. However, when we
can produce a hard document, such as a tape
recording of heart sound, an X-ray film, an
electrocardiographic tracing, or the like, we can
then obtain replicate readings and interpreta-
tions and not only reduce the error that would
otherwise be present, but also have some measure
of reliability of the readings.

We do a good bit of this replicate interpreta-
tion of hard documents. In addition we are
able, to some extent, to make use of randomiza-
tion of assignments to examiners in order to
get information on interexaminer differences.
In addition to this, we do a limited amount of
actual replication of the examination procedure,
both in specific parts of the examination and
even occasionally with the entire examination.

I will only mention the problem of estima-
tion and the related problems of measuring the
variability of the data being analyzed. Our
complex survey design results in some special
difficulties in this area. We are engaged in some
methodological research and are receiving as-
sistance from a number of experts. At present,
we are using a half-sample replication tech-
nique in the computer tabulations of data, and
we obtain estimates of variance in the same
runs that give us the findings. The steps in the
estimation process also include use of ratio esti-
mation and poststratification techniques.

Relationships with other workers. The many
relationships which the Health Examination
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Survey has with the statistical and health sci-
entific communities have been suggested in the
description of the program planning. We also
have many close working relationships through
methodological research contracts, and we have
contracted with a number of scientists to col-
laborate with us in analysis and publication of
specific segments of data from the survey.
Hopefully, many of the survey findings from
our examinations and methodological studies, all
of which will be published and distributed, will
prove useful and will repay, to some extent, the
scientific workers for their generous assist-
ance.
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